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There is recent oil and natural gas development within western North Dakota, 
which makes it imperative to update outdated and incomplete small mammal records. 
Small mammals are vital components to many ecosystems, including grasslands. Small 
mammals contribute to grazing, seed dispersal, and provide food for other animals. I 
surveyed small mammals in three habitats, grassland, badland, and wet meadow, in the 
summers of 2014 and 2015 in western North Dakota.  In 2014, I surveyed in 8 badland 
and 10 grassland habitats and in 2015 I surveyed in 1 badland, 13 grassland, and 4 wet 
meadow habitats, with 1 transect per site.  Each transect consisted of museum special 
snap traps and pitfall arrays with drift fencing.  The resulting shape of the array was a 
‘Y’.  Each array had 10 pitfalls and 90 snap traps.  Arrays were operated for 5 
consecutive nights over 18 sampling periods during 20 May to 26 July 2014 and 19 May 
to 25 July 2015; 9 in 2014 and 9 in 2015, for a total of 18,000 trap nights.  A total of 708 
small mammals were collected in 2014 and 397 small mammals were collected in 2015, 
with an overall total of 1,105 small mammals for both years.  These included 978 rodent 
and 127 insectivore individuals.  There was no difference in species diversity across 
habitats in 2014 and 2015.  There were higher captures of small mammals during the new 
moon phase.  There were no distinct small mammal communities across the 3 habitats.  
Due to the recent oil boom in western North Dakota, it is critical to assess which small 
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 This thesis is written in the style of the Journal of Mammalogy, to which a portion 






























 Ecosystems, such as grasslands and forests, in North America are declining due to 
modification of natural vegetation (Saunders et al. 1991; Coppedge et al. 2001).  These 
areas of natural vegetation are being converted to agriculture, sites of production for non-
renewable and renewable energy sources, or they are being exploited through logging of 
forests, overgrazing of prairies, or overharvesting of animals, leaving the land fragmented 
(Saunders et al. 1991; Vitousek et al. 1997; Cane and Tepedino 2001; Coppedge et al. 
2001; Copeland et al. 2009).  These modifications to North American ecosystems have 
contributed to habitat loss for many species and soil erosion, which alters the ability of 
species to survive and produce offspring (Saunders et al. 1991; Welsh and Droege 2001). 
Grasslands once covered an area of 4.1 x 108 ha, extending south from Canada to 
Oklahoma and the eastern Rocky Mountains in the west to Ohio (Samson et al. 2003).  
These grasslands once consisted of native species, but as the human population increased, 
the demand for more crops increased.  Non-native plant species were established with the 
idea of protecting the soils from water and wind erosion (Samson et al. 2003; Grant et al. 
2009).  A wide range of organisms depend on grasslands.  Non-native grass species 
threaten the natural ecosystem by altering habitats on which organisms depend.  Today, 
about 99.9 % of the historic Great Plains prairie ecosystem is gone (Samson and Knopf 
1994).  With that in mind, society should be cautious about non-native species in the 
grasslands (Coppedge et al. 2001; Crall et al. 2006).   
 Historically the predominate ecosystems of North Dakota, South Dakota, and 
Nebraska composed of tallgrass, mixed grass, and short grass prairies in roughly an east 





state (Samson and Knopf 1994; Samson et al. 2003).  Over half (60%) of the mixed grass 
prairie in North Dakota has been replaced by cropland (Higgins et al. 2002).  The western 
portion of North Dakota is composed primarily of short and mixed grass prairies, with 
tall grass prairie in the eastern portion of the state (Seabloom et al. 2011).  Aside from the 
mixed and short grass prairie, 2 other prominent habitats in North Dakota include the wet 
meadows and badlands.   
The Prairie Pothole Region is in northwestern North Dakota, north of the 
Missouri River and extends southeast into Iowa (Stewart and Kantrud 1973).  The wet 
meadows, within the Prairie Pothole Region, are composed of mixed and tall grass prairie 
and are characterized by wetland vegetation.  Primary vegetation in the wet meadows 
habitat is composed of little bluestem (Schizachyrium. scoparium), prairie junegrass 
(Koeleria macrantha), blue grama (Bouteloua gracilis), sideoats grama (Bouteloua 
curtipendula), rushes, sedges, willows, and cattails (Rudd 1951; Seabloom et al. 2011).    
The Prairie Pothole Region contains elements of cropland and grassland (Balsbaugh and 
Aarhus 1990).  These shallow wetlands, small lakes, or prairie potholes are the result of 
receding glaciers scouring the landscape (Seabloom et al. 2011) from the Wisconsin 
glaciation event (Johnson et al. 2005; Kahara et al. 2009).  The Wisconsin glaciation was 
the most recent glaciation event.  South of the Missouri River was not glaciated. 
The Badlands region is in west central North Dakota and within the mixed and 
short grass prairie (Seabloom et al. 2011).  The Badlands region is arid (Dix 1958) and is 
composed of highly eroded topography with more native vegetation present compared to 
other non-Badland regions (Seabloom et al. 2011).  One reason more native vegetation 





to develop these areas because it is difficult to plow in these areas of highly eroded 
topography, which allows native plants to thrive (Seabloom et al. 2011).  Prominent 
vegetation in the badland habitat and short grass prairie are blue grama (Bouteloua 
gracilis), needle-and-thread (Hesperostipa comata), western wheatgrass (Pascopyrum 
smithii), Carex spp., and Artemisia spp. (Rudd 1951; Johnson and Larson 1999; Kolar et 
al. 2011).  South of the Badlands region, the area is dominated by short grass prairie 
(Seabloom et al. 2011). 
 With increasing presence of crops and non-native plant species, animal habitats, 
especially small mammal habitats, are modified or eliminated.  The mixed and short grass 
prairies have been invaded by cool season grasses such as Kentucky bluegrass (Poa 
pratensis) and smooth brome (Bromus inermis), and forbs like yellow sweet clover 
(Melilotus officinalis) (Grant et. al 2009).  Aside from the increasing presence of non-
native species, there has been an increase in the production of natural resources, more 
specifically oil and natural gas, within North Dakota that also might be contributing to 
habitat fragmentation and is comparable to other studies (Gillen and Kiviat 2012; 
Brittingham et al. 2014; Abrahams et al. 2015).  The demand for energy production will 
continue to contribute to habitat fragmentation because fossil fuels are a main source of 
energy with natural gas, oil, and coal composing 80% of nonrenewable resources 
(Copeland et al. 2009).  The production of oil and natural gas can have profound effects 
on wildlife.  These production sites fragment habitats, which can interfere with species 
ability to survive and produce offspring (Cypher et al. 2000; Welsh and Droege 2001; 






Small mammals play a vital role in the maintenance of the prairie ecosystem 
(Horncastle et al. 2005).  Small mammals can alter plant diversity by caching seeds and 
grazing vegetation (Sieg 1987).  Seed caching can change vegetation composition and 
abundance in an area.  Small mammals store seeds in their cheek pouches and/or 
consume seeds, these seeds are either dropped during transport to their burrows or 
through defecation.  Small mammal grazing stimulates growth in plants (Sieg 1987).  The 
abundance, and ultimately the presence, of small mammals is correlated with habitat 
(Geier and Best 1980; Stancampiano and Schnell 2004).  As native grasslands continue to 
decline and the increasing production of natural resources, the current distributions of 
many small mammal species in North Dakota are poorly known, as most records are 20 
to 60 years old (VertNet 2015). 
 Small mammals are less active during a full moon phase (Caldwell and Connell 
1968; Prugh and Brashares 2010).  More light is emitted during a full moon, making 
small mammals more visible to predators (Lockard and Owings 1974; Mohammadi 
2010).  In response to full moon phase, small mammal abundance or catch rates decrease. 
 Diversity indices are used to describe how a community or communities are 
related based on the species or individuals present (Menhinick 1964).  These diversity 
indices include species richness, evenness (J’), and Shannon-Weiner diversity (H’).  
Species richness is the number of species in a community, evenness is how evenly the 
individuals are distributed over different species in a community, and diversity is a 
function of species richness and evenness in a community (Heip et al. 1998; Stirling and 
Wilsey 2001).  Diversity indices can be used to monitor changing landscapes (Nagendra 





 Non-metric multidimensional scaling (NMDS) analyses are used to assess 
communities of organisms (Minchin 1987; Fischer et al. 2011).  Studies have used the 
NMDS to assess community structure at various scales and variables (i.e. habitat, 
altitude, vegetation) (Caceres et al. 2011; Fischer et al. 2011).  Based on these community 
analysis studies, an NMDS was used to assess small mammal communities in western 
North Dakota. 
My objectives were 1) to determine species richness, evenness, and diversity 
among the grassland, badland, and wet meadow habitats; 2) to compare small mammal 
abundance during new moon phase and full moon phase; 3) assess new county records of 
small mammals in western North Dakota; 4) determine the small mammal communities 
at 36 sites in western North Dakota based on the three habitats (grassland, badland, and 
wet meadow); and 5) to describe the percent cover of vegetative categories and visual 
obstruction among the grassland, badland, and wet meadow habitats.  I hypothesized that 
1) species diversity would be significantly greater in the badland habitat than the 
grassland and wet meadow habitats; and 2) small mammal abundance would be greater 













 I surveyed small mammals in 13 counties in western North Dakota from 20 May 
to 26 July 2014 and from 18 May to 25 July 2015.  The number of transects installed in 
each county was based on the area of the county (Fig. 1).  Adams, Billings, Bowman, 
Burke, Divide, Golden Valley, Hettinger, Slope, and Stark counties all had 2 transects 
each.  Dunn, Mountrail, and Williams counties all had 4 transects each (Fig. 1).  
McKenzie County, the largest of the 13 counties, had 6 transects (Fig. 1).  
 I surveyed 3 habitats: grassland, badland, and wet meadow (Fig. 1).  The 
grassland habitat was composed of mixed and short grass prairie.  The badland habitat 
included areas of highly eroded topography and generally contained sagebrush, shrub, 
and wooded areas (Morris 1992; Morris 1997).  The badland habitat is a unique area, 
generally containing natural vegetation due to the highly eroded topography that makes 
farming difficult.  The wet meadow habitat is similar to the grassland habitat.  It is 
composed of mixed and short grass prairie, however it is different from grassland habitats 
as there are shallow wetlands, small lakes, or prairie potholes that cover the landscape 
(Klett et al. 1988).     
Twenty-four of the sites were selected randomly by using the random function in 
Microsoft Excel.  The remaining 12 sites were not selected randomly and transects were 
placed where I had permission to access the land.  These 12 sites were either owned by 
North Dakota Game and Fish or by private land owners and there was no selection of 





inspected, to determine the most suitable habitat.  Suitable habitat in the grasslands and 
wet meadows were heterogeneous areas with diversity of grasses and forbs. In the 
badland habitat I looked for sagebrush, shrub, and wooded areas.  If the site was not 
suitable, I went to the next closest site and examined it for suitability.  Once a site was 
selected, a transect was installed, the pitfall array was installed first, then the snap trap 
array was installed.  GPS coordinates were recorded in UTMs with a Delorme Earthmate 
PN 40 handheld GPS device.  The process was repeated at each sample site.  
Small mammal trapping  
I used pitfall traps and museum special snap traps to sample small mammals.  The 
pitfall and snap traps were laid out in a Y shaped array covering approximately 345 m2 
(Fig. 2, Kirkland and Sheppard 1994).  The pitfall portion of the array was composed of 
ten, 0.946 L pitfall cups.  The top of each pitfall cup was flush with the ground and 
spaced 5 m apart with plastic drift fences separating each pitfall cup.  Each 5 m section of 
drift fence was held vertically by stapling it to 3 wooded garden stakes.  Garden stakes 
were hammered into the ground.  The bottom edge of the drift fences were held to the 
ground by twenty 20 cm wooden blocks that were nailed into the ground.  Drift fences 
were nailed to the ground to ensure that small mammals did not crawl under the drift 
fence, escaping capture.  All pitfall cups were filled 2/3 full of water to drown the 
individual that fell into the trap.  The resulting array was in the shape of a ‘Y’, with 1 
pitfall cup in the center of the ‘Y’ and 3 pitfall cups on each arm.  Off the end of each 
arm of the ‘Y’-shaped pitfall array, there were 10 stations of museum special snap traps; 
90 snap traps overall.  Each station was separated by 10 m and marked with brightly 





m apart, perpendicular to the arm of the pitfall array.  The arrays were operated for 5 
consecutive nights and checked every morning.  Pitfall cups were refilled with water and 
snap traps were re-baited if necessary.  
Yearly precipitation totals were recorded from North Dakota Agricultural 
Weather Network (NDAWN 2016).  These data were used to assess if there was a 
difference in precipitation between the two years that were sampled for small mammals.  
Small mammal preparation 
I recorded species and trap station for each individual captured.  All individuals 
caught were placed into a bag that contained yellow corn meal to dry the specimens prior 
to preparation.  For each individual trapped, species, sex, total body length (mm), tail 
length (mm), hind foot length (mm), ear length (mm), and mass (g) were recorded and 
assigned an Arabic number.  A study skin or skeleton was kept for each individual.  
Tissue samples of the heart, liver, skeletal muscle, and kidney were removed, when 
possible.  Tissue samples from 261 individuals were preserved in 95% ethanol.  Prepared 
mammals and tissue samples were housed at the Northeastern State University Natural 
History Collection in Tahlequah, Oklahoma and the Fort Hays State University Sternberg 
Museum of Natural History in Hays, Kansas. 
Vegetative Sampling 
Percent vegetative cover was assessed at each of the 36 sites.  A 1 m x 0.5 m 
Daubenmire frame was used to assess the percent cover of the vegetative structure in the 
3 habitats (Daubenmire 1959).  Ten Daubenmire plots were assessed at each site.  The 





Daubenmire plot assessment was 35 m apart.  On 1 arm of the array the center of the 
transect was assessed; this arm had a total of 4 Daubenmire plots and the remaining 2 
arms had a total of 3 Daubenmire plots.  While assessing percent cover, vegetation was 
identified to species and if the plant was not known it was classified as grass, forb, shrub, 
sedge, or rush.  All of these species and/or vegetative categories were recorded as percent 
cover in the Daubenmire plot.  The percent cover of litter, bare ground, standing dead 
vegetation, and height of the standing dead and live vegetation also were recorded.  Once 
the 10 plots were completed, all plant species identified were grouped into the following 
vegetative categories as percent cover: grass, forb, shrub, sedge, rush, litter, bare ground, 
and standing dead vegetation.  After the vegetation was assigned a vegetative category, 
they were placed into cover classes depending on the percent cover in each vegetative 
category (Daubenmire 1959).  The cover classes were used to calculate the midpoint of 
each vegetative category (Table 1). 
I also used the Robel Pole (2 m) to assess vegetative obstruction at 34 of the 36 
sites.  The Robel pole had alternating markers of decimeters on a round PVC pipe (2.54 
cm diameter) that were color coated (red, black, and white) (Robel et al. 1970; Toledo et 
al. 2008).  Each section of color corresponded to a number between 1 and 20, where 1 
was the lowest measurement and 20 the highest measurement.  There was a 1 m sight 
pole attached to the center of the vertical Robel pole by a 4 m string (Toledo et al. 2008).  
The sight pole was used to make observations of the obstruction of vegetation.  The 
Robel pole was placed vertically at the center station where a museum special snap trap 
was located.  The visual obstruction was measured in 4 cardinal directions (north, east, 





The Daubenmire plots and Robel pole measurements for sites 1-6 were conducted 
from 30 June to 3 July in 2014.  In 2015 Robel pole measurements were recorded at sites 
19-28 from 29 to 30 June.  For sites 7-36, Daubenmire plots and Robel measurements 
were conducted at the same time as small mammal trapping in 2014 and 2015. 
Statistical Analysis 
 Statistical analyses were performed in the program R (Version 3.2.3) with an 
alpha level of 0.05.  Package vegan and MASS were used to perform the Nonmetric 
multidimensional scaling (NDMS).   
 Small mammal data analysis- I assessed alpha diversity between 2 habitats, 
grassland and badland, in 2014 and among 3 habitats, grassland, badland, and wet 
meadow in 2015.  Shannon-Weiner index was used to calculate species diversity.  I used 
a Chi-square test to determine if diversity differed between the grassland and badland 
habitats, in 2014 and among grassland, badland, and wet meadow habitats in 2015. 
 I reported small mammal abundance during new moon and full moon phases.  
Chi-square tests were used to determine if there was a significant difference in the 
number of individuals captured after both summers of research and for 2014 and 2015 
separately. 
 I used Non-metric Multidimensional Scaling (NMDS) to assess small mammal 
communities at 36 sites in 3 habitats (Figs. 4-6).  NMDS is an ordination technique that 
works well with determining community structure of organisms (Minchin 1987; Fischer 





(Thomomys talpoides) was omitted from the dataset because this species is fossorial and 























Small mammal population assessments  
A total of 1,105 individuals were collected in the 2014 and 2015 field seasons 
representing 20 species (Table 2).  My trapping effort was 18,000 trap nights and an 
overall trapping success rate of 6.1% (Table 3).  Site 11, in the badland habitat, had the 
highest trapping success at 19.6%.  The most frequently captured species was the 
meadow vole (Microtus pennsylvanicus) represented by 406 individuals (Table 2).  
Small mammal community assessments  
  Species richness was greater in the badland habitats than grassland habitats in 
2014 (Table 4), whereas species richness was greater in the grassland habitats than wet 
meadow habitats (Table 5).  Site 18 (Adams/Bucyrus) in the grassland habitat had the 
highest species diversity (H’) of 1.86.  Grassland habitat site 19 (Williams/Alamo) had 
the lowest species diversity (H’) of 0.54.  When comparing species diversity in 2014 
between the grassland and badland habitats and among the badland, grassland, and wet 
meadow habitats in 2015 there was no significant difference (X2=0.003, df=1, p=0.951; 
X2=0.128, df=2, p=0.937) (Table 6). 
Trapping of small mammals took place during both new moon phase and full 
moon phase.  The number of captures of small mammals differed significantly during 
new moon and full moon phase for the entirety of the research (X2= 144.4, df= 1, p< 
0.0001).  The abundance of small mammals was greater during new moon phase than full 
moon phase (Fig. 3).  The same trend was evident in both years: 2014 (X2= 75.6, df= 1, 





Non-metric Multidimensional Scaling (NMDS) was used to assess small mammal 
community composition based on 36 sites.  According to the Shepard plot, 95.1% of the 
variation is explained and a linear fit of 77.0% (Fig. 4).  The stress was adequate at 0.221 
(Fig. 5).  Stress is a measure of mismatch between distance measures and distance in 
ordination space.  There are no distinct small mammal communities based on the 3 
habitats at the 36 sites (Fig. 5); this is confirmed with a Bray-Curtis Cluster Dendrogram 
(Fig. 6).   
Small mammal new county records assessment 
There was a total of 21 new county records of small mammals in 2014 and 2015 
in 11 of the 13 counties surveyed (Tables 7 and 8).  In 2014 there were 13 new county 
records, where Adams County had the most records (4) (Table 7).  In 2015 there were 9 
new county records, where McKenzie County had the most new county records (5) 
(Table 8).  See Appendices 5-14 for maps. 
Vegetative cover types and visual obstruction  
Badland habitat vegetative categories for 2015 are omitted because only 1 
badland site was surveyed for 2015.  Badland sites surveyed in 2014 had the highest 
shrub (24.7% ± 10.26%) and bare ground (7.2% ± 9.94%) percent cover, and greater 
height of standing live vegetation (27.3 cm ± 4.22 cm), compared to the grasslands in 
2014 and 2015 and wet meadows in 2015 (Table 9).  Grassland sites surveyed in 2014 
and 2015 had more grass percent cover (47.4% ± 18.19% and 38.5% ± 23.97%)  
compared to badland sites in 2014 and wet meadow sites in 2015 (Table 9).  Wet 





26.24%) percent cover, and greater height of standing dead vegetation (20.4 cm ± 5.17 
cm) compared to the other habitats (Table 9).  Visual obstruction was comparable for 
grassland (6.6 dm ± 2.0 dm) and badland (6.9 dm ± 1.89 dm) sites in 2014, and grassland 





















Small mammal population assessments 
 In 2014 I captured a total of 708 individuals.  In 2015 there was a decrease in the 
number of captures to 397 individuals.  There was an overall trap success of 6.1% for this 
project, which is comparable to other studies (Patterson et al. 1989; Simonetti et al. 1989; 
Woodman et al. 1996) while some studies report a trap success greater than 10.0% 
(Howell 1954; Mills et al. 1998; Banks et al, 2003). 
 Precipitation might have played a large role in small mammal abundances in this 
project.  More precipitation produces more foliage (Brendenkamp et al. 2002; Letnic et 
al. 2004; Yarnell et al. 2007)), which would contribute to more food availability for small 
mammals (Letnic et al. 2011).  More available food (resources) would contribute to the 
potential for larger populations (Parmenter et al. 1999).  Precipitation influences the 
amount of ground water available to plants, which can have an effect on the following 
year’s plant growth (Reynolds et al. 2004). The previous year to trapping small 
mammals, 2013, was a wet year with 585.4±89.6 mm of precipitation (NDAWN 2016). 
This might explain the high number of individuals captured in 2014.  In 2014 there was 
less precipitation, 350.7±84.5 mm (NDAWN 2016), which would cause less availability 
of resources for 2015.  Precipitation data at the exact sites would be necessary for 
determining the decrease in the number of individuals captured, unfortunately these data 
were unavailable. 
 Other factors that affect small mammal populations are predators, disease, and 





et al 2011).  An abundance of predators, such as hawks and weasels, will keep small 
mammal populations low (Merritt et al. 2001; Banks and Powell 2004).  During cycles of 
high small mammal populations, it is more likely that there will be a disease outbreak that 
could drastically decrease small mammal populations (Korpimaki et al. 2004).  Any of 
these listed factors might explain why there was a decrease in small mammal captures in 
the 2015 field season. 
Small mammal community assessments  
Species diversity in the 3 habitat types did not differ significantly, which was not 
what was hypothesized.  I hypothesized species diversity would be significantly greater 
in the badland habitat.  There was no difference in species diversity among 3 habitat 
types.  The 3 habitats defined a priori in this study might be perceived as the same by 
small mammals or the habitats are too broad of an area to see a difference in species 
diversity.  The difference in species diversity might be seen at a smaller scale (Williams 
et al. 2002).   Species richness was greater in the badland habitats in 2014 but greater in 
the grassland habitats in 2015.  The badland habitat sites could have been better sites in 
terms of habitat suitability or heterogeneity of plant species compared to the grassland 
habitat sites (Tews et al. 2004).  Species richness might be greater in the grassland 
habitats in 2015 because there were more grassland habitat sites trapped. 
Full moon vs. new moon sampling assessment- Significantly more individuals 
were captured during new moon phase than full moon phase (Fig. 3).  My results are 
comparable to other studies of small mammal abundance relative to moon phase 
(Caldwell and Connell 1968; Prugh and Brashares 2010).  During a full moon more light 





(Lockard and Owings 1974; Mohammadi 2010).  My catch rates are consistent with these 
observations.  More individuals were captured during new moon phase, as there were 
probably fewer small mammals foraging during the full moon phases in 2014 and 2015. 
 The new moon phase might also be a reason why there were fewer captures in 
2015.  There were more new moon phases trapped in 2014 (28 days) than 2015 (22 days) 
(Appendices 3 and 4).  As mentioned earlier, trapping during full moon phase 
significantly affects the number of individuals captured. 
Small mammal community assessments 
 In the NMDS analysis I expected to see small mammal communities based on the 
3 different habitats, but I did not find any distinctions (Figs. 5 and 6).  There is a dense 
cluster of grassland and badland sites that are mixed (Fig. 5), which means these sites 
were similar based on small mammal composition. There could be a dense cluster of 
these sites because this was also where more common or generalist species were seen on 
the graph.  I had the highest captures of P. maniculatus, P. leucopus, M. pennsylvanicus, 
M. ochrogaster, and Z. hudsonius, which are typically generalist species.  Generalist 
species can occur in a wide variety of habitats, especially habitats that are fragmented 
with agriculture and other human infrastructures (Alder and Wilson 1987; Bellows et al. 
2001).  With more sampling in these 3 habitats, omitting these generalist species from the 
dataset, and performing another NMDS, I might see more distinct small mammal 
communities.  However, when I omitted generalist species in the current dataset, there are 
not enough captures of rare species to perform NDMS.  I assume these generalist species 
already were occurring at those habitats and the more rare species might be defining 





Other studies have assessed small mammal communities within an area.  One 
study found that small mammals can be used as bio indicators in a boreal forest, however 
rare species in the study had to be removed because there were not enough captures 
(Pearce and Venier 2004).  Some small mammal species respond differently to variables 
such as altitude and vegetation (Caceres et al. 2011).  Depending on theses variables and 
habitat type, small mammals will assimilate into communities (Caceres et al. 2011).  
Another study was unable to determine small mammal communities because there were 
so many captures of generalist species, which is similar to my results (Bellows et al. 
2001).  The small mammals in this project might be responding to variables at a finer 
scale than the variables I measured.  The 3 habitats I selected might not be specific 
enough to determine small mammal communities.  These communities might be 
definable at a much smaller scale (Fischer et al. 2011) or these communities might not 
even exist. 
Moving forward 
 With North Dakota’s landscape continuing to change due to the production of oil 
and natural gas, it is critical to update outdated records and species distributions.  Small 
mammals are usually a neglected group when devising management plans (Gibbons 
1988).   Small mammals serve as a food source for other organisms such as weasels, 
owls, and snakes (Gregory et al. 1980; Merritt et al. 2001).  Although their contributions 
are small in terms of grazing and seed dispersal, they are an integral part of the food web 
and should be taken under consideration when managing an area.   
 Moving forward, it is critical to assess how small mammals are being impacted by 





density of oil and natural gas production sites and determine how the densities of these 
sites are affecting small mammal distributions.  This can be applied and extended to all 
taxonomic groups.  Without understanding complex animal communities (i.e. small 
mammals, insects, herpetofauna), how can we as a society be sure we are not only 
destroying the food webs that all animals depend on, but also negatively impacting entire 
ecosystems?  For these reasons, it is critical that we continue to study, monitor, and 
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Table 1. Cover class, range of coverage, and midpoint range for assessing percent cover 
of vegetation by using the Daubenmire frame (Daubenmire 1959). 
Cover Class Range of Coverage Midpoint Range 
0          0%     0% 
1    1 – 5% 2.5% 
2  5 – 25% 15.0% 
3 25 – 50% 37.5% 
4 50 – 75% 62.5% 
5 75 – 95% 85.0% 
6              95 – 100% 97.5% 
 
 
Table 2.  Species of small mammals captured in 2014 and 2015 in western North Dakota. 
The species code is used in another analysis that can be found in figure 5. 
Species, common name, (species code) 2014 2015 
Microtus pennsylvanicus, meadow vole (MiPe) 339   67 
Peromyscus maniculatus, deer mouse (PeMa) 226 141 
Sorex cinereus, masked shrew (SoCi)   35   82 
Peromyscus leucopus, white-footed mouse (PeLe)   26   17 
Zapus hudsonius, meadow jumping mouse (ZaHu)   26   55 
Ictidomys tridecemlineatus, thirteen-lined ground 
squirrel (IcTr)          
  16   11 
 
Microtus ochrogaster, prairie vole (MiOc)   14     0 
Chaetodipus hispidus, hispid pocket mouse (ChHi)     6     0 
Myodes gapperi, red-backed vole (MyGa)     5     1 
Thomomys talpoides, northern pocket gopher (Ttal)     3     1 
Lemmiscus curtatus, sagebrush vole (LeCu)     2     0 
Perognathus fasciatus, olive-backed pocket mouse 
(PeFa) 
    2     7 
Reithrodontomys montanus, plains harvest mouse 
(ReMo) 
    2  
Tamias minimus, least chipmunk (TaMi)     2     3 
Blarina brevicauda, northern short-tailed shrew (BlBr)     1     2 
Mus musculus, house mouse (MuMu)     1     0 
Reithrodontomys megalotis, western harvest mouse 
(ReMe) 
    1     3 
Sorex merriami, Merriam’s shrew (SoMe)     1     0 
Sorex arcticus, arctic shrew (SoAr)     0     5 








Table 3. Trap success rates for 36 sites (in chronological order) in 2014 and 2015 in 
western North Dakota.  Each site had a total of 500 trap nights; 9,000 trap nights in 2014 
and 9,000 trap nights in 2015.  Habitat types: G=grassland, B=badland, P=wet meadow. 
2014 2015 
Site Trap Success (%) Site Trap Success (%) 
1 G   3.4 19 G   0.2 
2 G   5.8 20 G   0.4 
3 B   7.4 21 P   2.6 
4 B   7.4 22 P   0.4 
5 G   9.2 23 G   1.6 
6 B 14.4 24 G   3.2 
7 G   3.2 25 P   2.0 
8 G   1.8 26 P   1.8 
9 B 12.0 27 G   2.6 
10 G   3.4 28 G   2.4 
11 B 19.6 29 G   2.6 
12 B 15.4 30 G   2.6 
13 G   7.6 31 G 12.8 
14 G 10.8 32 G   8.0 
15 B   5.2 33 G 11.0 
16 B   7.2 34 G   7.4 
17 G   4.8 35 B   5.2 



















Table 4. Species richness, evenness (J’), and diversity (H’) in two habitats, G=grassland 
and B=badland, in 2014 in western North Dakota across 18 sites.  Each habitat type is 












G Adams/Hettinger (17) 8 0.82 1.71 
G Adams/Bucyrus (18) 8 0.89 1.86 
G Hettinger/Regent (7) 5 0.93       1.5 
G Bowman/Scranton (13) 5 0.65 1.05 
G Bowman/Rhame (14) 5 0.69 1.11 
G Stark/Richardton (1) 4 0.66 0.91 
G Stark/Dickinson (2) 4 0.39 0.54 
G Dunn/Marshall (10) 4 0.87 1.21 
G Slope/Amidon (5) 3 0.67 0.74 
G Hettinger/Mott (8) 3 0.89 0.98 
B Golden Valley/Beach (16) 9 0.49 1.08 
B Dunn/Dunn Center (11) 7 0.57 1.11 
B Dunn/Killdeer (12) 7 0.66 1.29 
B Dunn/Manning (9) 6 0.6 1.08 
B Billings/Belfield (3) 5 0.75       1.2 
B Golden Valley/ Sentinel 
Butte (15) 5 0.62       1.0 
B Billings/Fryburg (4) 4 0.71 0.98 

















Table 5.  Species richness, evenness (J’), and diversity (H’) in three habitats, 
G=grassland, P=wet meadow, and B=badland, in 2015 in western North Dakota across 18 
sites.  Grassland and wet meadow habitats are ordered from greatest species richness to 
least species richness.  Badland habitat 2015 does not have a standard deviation because 












G Mountrail/New Town 2 
(32) 7 0.87 1.69 
G McKenzie/Alexander 
(33) 7        0.7 1.36 
G McKenzie/Watford City 
(34) 7 0.68 1.32 
G McKenzie/Killdeer (36) 7 0.73 1.42 
G Mountrail/Parshall (31) 6 0.76 1.37 
G Mountrail/New Town 
(30) 5 0.86 1.38 
G McKenzie/Buford (28) 4 0.95 1.32 
G Mountrail/Tioga (29) 4 0.76 1.06 
G Williams/Williston (23) 3 0.69 0.76 
G Williams/Trenton (24) 3 0.71 0.78 
G McKenzie/Williston 
(27) 3 0.73        0.8 
G Williams/Grenora (20) 2 0.98 0.68 
G Williams/Alamo (19) 1        0        0 
P Burke/Columbus (25) 3 0.73        0.8 
P Burke/Powers Lake (26) 3 0.87 0.96 
P Divide/Fortuna (21) 2 0.61 0.42 
P Divide/Alamo22) 2 0.98 0.68 
B McKenzie/Grassy Butte 












Table 6.  Average of species diversity (H’) of small mammals in grassland, badland, and 
wet meadow habitats in 2014 and 2015 in western North Dakota.  Badland habitat 2015 
does not have a standard deviation because only one site was surveyed in this habitat. 
 Species Diversity (H’)  
Habitat 2014 2015 
Grasslands 1.16±0.419 1.07±0.452 
Badlands 1.10±0.102 1.1 
Wet meadow - 0.715±0.227 
 
 
Table 7.  New county records of small mammals for 2014 in western North Dakota 
counties surveyed.  X indicates a new county record.  














Sorex cinereus X X - - X - - 
Peromyscus 
leucopus 
- - - - X X - 
Chaetodipus 
hispidus 
- - X - X - - 
Blarina 
brevicauda 
X - - - - - - 
Lemmiscus 
curtatus 
X - - - - - - 
Microtus 
ochrogaster 
- - - X - - X 
Reithrodontomys 
montanus 














Table 8.  New County records of small mammals for 2015 in western North Dakota 
counties.  X indicates a new county record.  





Sorex arcticus X X - X 
Reithrodontomys 
megalotis 
- X X - 
Peromyscus 
leucopus 
- X - - 
Sorex cinereus - X - - 
Reithrodontomys 
montanus 
- X - - 








Table 9.  Percent cover of vegetative structure (mean ± SD) in three habitats in 2014 and 2015 in western North Dakota; grassland 




























































































































Fig. 1. Western North Dakota counties surveyed in 2014 and 2015.  Two transects were 
installed into 9 counties, 4 transects were installed into 3 counties, and 6 transects were 
installed into 1 county.  Thirty-six total transects; 18 transects in 2014 and 18 transects in 
2015.  Three habitats were surveyed: badland, grassland, and wet meadow. 
Western North Dakota Coun ties Surveyed in 2014 and 2015 
Do. 
0 0 0 
' 
A 0 
0 37.5 75 150 Kilometers 
c:J Two Transects c:J Four Transects - Si x Transects 
Habitat Type 2015 Badland • Grassland • Wet Meadow 






Fig. 2. Transect composed of pitfall traps and museum special snap traps.  Pitfall traps are 
indicated by circles and snap traps are indicated by diamonds.  Pitfall traps were 
separated by 5 m plastic drift fences.  There was a total of 10 pitfall traps.  At the end of 
each pitfall trap there were 10 stations of snap traps.  Each snap trap station was 
separated by 10 m.  At each snap trap station there were 3 snap traps that were 1 m apart. 
Snap traps were baited with peanut butter and oats.  There was a total of 90 snap traps; 
100 traps overall. 
 
 
0 = Pitfall trap <>= Snap trap 
D D 
D D D D 
D D D D 
D D D D 
D D D D 
D D D D 
D D ~D D 
D D D) D 
D D) D D 

















Fig. 3. Number of small mammal captures in 2014 and 2015 during new moon and full 










































































































Small Mammal Abundance During New Moon and 












Fig. 4.  Non-metric multidimensional scaling (NMDS) Shepard plot.  95.1% of the 
variation is explained with a linear fit of 77.0%. 
 
 






















Non-metric fit, R2 = 0.951






Fig. 5.  Multidimensional analysis of small mammal communities in western North 
Dakota. The NMDS/Bray-stress is indicative of dissimilarity among habitats 
(G=grassland, B=badland, P=wet meadow) based on small mammals captured at 36 sites.  
The stress was adequate at 0.221.  Stress is a measure of mismatch between distance 
measures and distance in ordination space.  A number (1-36) followed by a letter 
corresponds to the habitat and site trapped.  In red are the species that were captured 
(Table 2).  There are no distinct small mammal communities based on the 3 habitats. 
 
 













































































Fig. 6.  Bray-Curtis Cluster Dendrogram.  Complete link clustering was used to create the 
dendrogram.  Complete-link clustering is a measure of similarity of the most dissimilar 
sites.  This dendrogram groups the sites based on dissimilarity and confirms the NMDS 
graph in figure 5.  There is a mixing of habitats, which explains no distinct small 




















































































Appendix 1.  Average Daubenmire percent (%) cover for vegetative structure from 18 sites in 2014: grass, forb, shrub, sedge, bare 
ground, litter, standing dead vegetation, height (cm) of standing dead vegetation, and height (cm) of standing live vegetation. The 

































1 52.0 10.0 18.0 0.0   0.0 18.8 0.5   2.1 28.1   10.1 
2 78.7   0.0   0.0 0.0   0.0 15.0 8.0 24.9 31.2 7.7 
3 38.8 11.3 27.8 0.0 10.3   6.3 5.3 10.9 26.1 7.5 
4 12.8 27.5 32.3 0.0   0.0 11.3 6.5   6.5 32.3 8.2 
5 21.5 57.3   9.8 1.5   0.0   7.5 1.8   5.5 35.7 9.1 
6 14.3 12.3 28.2 0.0   0.0 27.8 9.0 14.6 26.8 8.3 
7 34.7 27.5   0.0 9.7   5.9 18.8 6.9 15.8 19.0 6.4 
8 52.3 13.0   0.0 3.0   0.0 15.8        11.5   7.6 23.6 6.4 
9 38.8 15.5   7.8 0.0   0.5 19.3        11.8 21.3 26.5 5.9 
10 28.5 35.5   3.0 1.5   1.5 21.8 7.5 10.0 25.6 4.8 
11   3.3 15.0 33.0 1.5 11.3 28.0 4.5   6.2 25.0 8.6 
12 38.0 14.5 12.5 9.0   0.0 18.3 6.5 11.6 29.9 8.3 
13 33.3 36.8   1.8 1.8 13.8   5.3 0.5   3.1 17.2 3.0 
14 45.0 33.3   8.8 0.0   0.3   8.3 0.5   2.0 26.9 6.4 
15 42.3   5.0 36.0 0.0   6.5   6.8 1.5   1.9 32.3 5.0 
16 18.3 15.5 19.8 0.0 28.8   6.5 4.0   9.7 19.6 3.5 
17 64.0 10.0   1.8 0.0   0.0 18.3 1.8   3.6 31.4 6.5 






Appendix 2.  Average Daubenmire percent (%) cover for vegetative structure from 18 sites in 2015: grass, forb, shrub, sedge, bare 
ground, litter, standing dead vegetation, height (cm) of standing dead vegetation, and height (cm) of standing live vegetation. The 






































19 10.8 8.5 6.5 1.5 0.0 0.0   4.0 62.5 17.3 10.9 5.9 
20   5.3 9.3 3.3 6.3   14.8 3.5   1.8 48.8 15.4   7.9 3.5 
21 20.3 8.3   16.0 0.0 0.0 0.0   1.5 51.0 27.1 18.5 - 
22 15.8 9.8 7.5 3.8 0.0 0.0   4.3 52.3 21.4 13.4 - 
23 19.5 9.8 6.5 0.0 0.0 0.0   7.5 52.5 17.2 12.5 4.8 
24 13.8 5.5   16.8 0.0 0.0   14.5   7.8 41.5 16.0 13.5 5.1 
25 38.3 3.8   20.3 0.0 0.0 0.0 17.0   5.0 15.0 20.5 5.9 
26 29.5 3.0 6.0 0.3 0.0 0.0 47.8   7.5 18.1 19.9 9.2 
27 24.3   32.0 0.0 0.0 0.0 6.8 24.0 11.3 24.0 26.1 8.0 
28 63.3 0.0 0.0 0.0 0.0 0.0 10.5 17.8 27.5 43.2   14.0 
29 30.3   10.0 0.0 0.3 1.5 5.5 41.8 10.0 26.0 28.6   13.0 
30 52.5 7.8   11.0 1.5 0.0 0.0 14.5   4.5 18.4 26.1 7.5 
31 73.8 5.5 2.0 0.0 0.0 0.5 13.0   2.5   8.2 36.4   11.7 
32 74.8 5.5 0.0 0.0 0.0 0.0 10.3   8.5 28.3 30.6 9.8 
33 37.0   23.5 9.0 0.0 0.0 7.3   4.8 14.5 16.8 17.3 6.9 
34 57.3 9.3 0.5 0.0 0.0 6.5 10.3 12.0   9.3 22.5 5.8 
35 32.3   13.5   15.8 0.0 0.0 0.0 10.5 24.8 18.1 20.7 7.8 






Appendix 3.  Sites (in chronological order), county and nearest city, locality (latitude and 
longitude), habitat type (G= grassland (n=10), B= badland (n=8)), and new moon (28) 
and full moon (18) days trapped for 18 sites surveyed in western North Dakota in 2014.  
















1 Stark/Richardton N  46.885 
W -102.283 
G 0 0 
2 Stark/Dickinson N  46.852 
W -102.888 
G 0 0 
3 Billings/Belfield N  47.084 
W -103.363 
B 5 0 
4 Billings/Fryburg N  46.794 
W -103.387 
B 5 0 
5 Slope/Amidon N  46.494 
W -103.659 
G 0 0 
6 Slope/Belfield N  46.586 
W -103.317 
B 0 0 
7 Hettinger/Regent N  46.432 
W -102.509 
G 0 5 
8 Hettinger/Mott N  46.469 
W -102.187 
G 0 5 
9 Dunn/Manning N  47.093 
W -102.794 
B 0 0 
10 Dunn/Marshall N  47.200 
W -102.223 
G 0 0 
11 Dunn/Dunn Center N  47.490 
W -102.527 
B 5 0 
12 Dunn/Killdeer N  47.547 
W -102.783 
B 5 0 
13 Bowman/Scranton N  46.077 
W -103.184 
G 0 4 
14 Bowman/Rhame N  46.002 
W -103.690 




N  46.913 
W -103.670 
 
B 0 0 
16 Golden 
Valley/Beach 
N  47.293 
W -103.752 
B 0 0 
17 Adams/Hettinger N  46.173 
W -102.579 
G 4 0 
18 Adams/Bucyrus N  45.992 
W -102.821 





Appendix 4.  Sites (in chronological order), county and nearest city, locality (latitude and 
longitude), habitat type (G= grassland (n=13), B= badland (n=10), P=wet meadow 
(n=4)), and new moon (22) and full moon (8) days trapped for 18 sites surveyed in 
western North Dakota in 2015. 
   
Site 
Number 













N  48.587 
W -103.230 
G 2 0 
20 Williams/Grenora N  48.597 
W -103.996 
G 2 0 
21 Divide/Fortuna N  48.983 
W -103.756 
P 0 0 
22 Divide/Alamo N  48.766 
W -103.549 
P 0 0 
23 Williams/Williston N  48.340 
W -103.807 
G 0 4 
24 William/Trenton N  48.071 
W -103.941 
G 0 4 
25 Burke/Columbus N  48.736 
W -102.745 
P 0 0 
26 Burke/Powers Lake N 48.614 
W -102.668 
P 0 0 
27 McKenzie/Williston N  48.094 
W -103.695 
G 4 0 
28 McKenzie/Buford N  47.952 
W -103.968 
G 4 0 
29 Mountrail/Tioga N 48.428 
W -102.863 





G 0 0 
31 Mountrail/Parshall N  47.933 
W -102.265 
G 0 0 
32 Mountrail/New 
Town 2 
N  47.964 
W -102.269 
G 0 0 
33 McKenzie/Alexande
r 
N  48.037 
W -103.648 
G 5 0 
34 McKenzie/Watford 
City 
N  47.809 
W -103.135 
G 5 0 
35 McKenzie/Grassy 
Butte 
N  47.449 
W -103.488 
B 0 0 
36 McKenzie/Killdeer N  47.341 
W -103.130 






Appendix 5. New county records of masked shrew (Sorex cinereus) in western North 
Dakota for 2014 and 2015.  Green indicates a new county record, gray indicates previous 
records, and white indicates no records of the masked shrew. 
  
Records ofMa.sked Shrew in \Vestern North Dakota for 2014 and 2015 
c:J Previous Records c:J New Records c:J No Records 
' 
A 





Appendix 6. New county records of white-footed mouse (Peromyscus leucopus) in 
western North Dakota for 2014 and 2015.  Green indicates a new county record, gray 
indicates previous records, and white indicates no records of the white-footed mouse. 
Rec ords of\Vhite-f ooted Mouse in 'Western North Dakota for 2014 and 2015 
c:J Previous Records c:J New Records c:J No Records 
. 
A 





Appendix 7. New county records of plains harvest mouse (Reithrodontomys montanus) in 
western North Dakota for 2014 and 2015.  Green indicates a new county record, gray 
indicates previous records, and white indicates no records of the plains harvest mouse.
Recot·ds of Plains Ha,·vest Mouse in \Veste1·n No1·th Dakota fot· 2014 and 2015 
D Previous Records D New Records D No Records 
' 
A 





Appendix 8. New county records of hispid pocket mouse (Chaetodipus hispidus) in 
western North Dakota for 2014.  Green indicates a new county record, gray indicates 
previous records, and white indicates no records of the hispid pocket mouse.
Records ofHispid Pocket ~louse in \ Vestern North Dakota for 2014 
c:J Previous Records c:J New Records c:J No Records 
. 
A 





Appendix 9.  New county records of northern short-tailed shrew (Blarina brevicauda) in 
western North Dakota for 2014.  Green indicates a new county record, gray indicates 
previous records, and white indicates no records of the northern short-tailed shrew. 
Records of Northern Short-tailed Shrew in \Vestern North Dakota for 2014 
c:J Previous Records c:J New Records c:J No Recoros 
" 
A 





Appendix 10. New county records of sagebrush vole (Lemmiscus curtatus) in western 
North Dakota for 2014.  Green indicates a new county record, gray indicates previous 
records, and white indicates no records of the sagebrush vole. 
Records of Sagebrush Vole in '\Vestern North Dakota for 2014 
._ _ _,i Previous Records ._i _ __,i New Records ._ _ _,i No Records 
. 
A 





Appendix 11. New county records of prairie vole (Microtus ochrogaster) in western 
North Dakota for 2014.  Green indicates a new county record, gray indicates previous 
records, and white indicates no records of the prairie vole. 
Records of P rairie Vole in '\Vestern North Dakota for 2014 
c:J Previous Records c:J New Records c:J No Records 
• 
A 
0 37.5 75 150 Kilo meters 





Appendix 12. New county records of arctic shrew (Sorex arcticus) in western North 
Dakota for 2015.  Green indicates a new county record, gray indicates previous records, 
and white indicates no records of the arctic shrew. 
Records of Arctic Shre'll" in \Vester n North Dakota for 2015 
c:J Previous Records c:J New Records c:J No Records 





Appendix 13.  New county records of western harvest mouse (Reithrodontomys 
megalotis) in western North Dakota for 2015.  Green indicates a new county record, gray 
indicates previous records, and white indicates no records of the western harvest mouse. 
Records of\Vestern Harvest Mouse in western North Dakota for 2015 
D Previous Records D New Records D No Records 
0 37.5 75 
I I I I 






Appendix 14. New county records of pygmy shrew (Sorex hoyi) in western North Dakota 
for 2015.  Green indicates a new county record, gray indicates previous records, and 










Records for Pygmy S hrew in Western North Dakota for 2015 
c:J New Record c:J No Recoros 
' 
A 
0 37.5 75 150 Kilometers 
I I I I I 
